PassingscoresonallstepsoftheUnited
States Medical Licensing Examination (USMLE) sequence are among the requirements for MD-degree graduates for permanent medical licensure in every state in the United States. 1 Step l in the USMLE sequence is designed to assess the examinee's understanding and application of the basic sciences relevant to medical practice 2 and is typically taken by students in U.S. medical schools after they have completed the preclinical curriculum but before they have entered third-year clinical clerkships. Most examinees pass Step l on the first attempt. However, as reported annually from 1998 to 2010 by the National Board of Medical Examiners (NBME), the first-attempt failure rate among examinees at MDdegree-granting medical schools has ranged from a low of 5% in 2007 3 to a high of 9% in 2001. 4 Medical school policies regarding Step l requirements for student advancement and graduation have changed substantially since the introduction of the USMLE sequence. The percentage of medical schools that require a passing score on Step l for advancement and/or graduation has steadily increased from 63.5% (80/126) in 1992-1993, 5 when the USMLE sequence was introduced, to 90.0% (117/130) in 2009 -2010. 6 Thus, increasingly greater numbers of students who initially failed Step 1 are subject to policies stipulating that a passing score must be achieved before they can advance along the medical education continuum.
An understanding of the variables associated with attempting, and with passing, Step 2 Clinical Knowledge (CK) on the first attempt among students who initially failed Step l can inform medical schools' efforts both to assess the risk for experiencing subsequent difficulties for the students who initially fail Step l and to provide support for those students who are at risk for experiencing continued difficulties with the USMLE sequence. Thus, we examined these educational outcomes (attempting Step 2CK and passing it on the first attempt) for students who were enrolled in U.S. medical schools accredited by the Liaison Committee on Medical Education (LCME) and who initially failed Step l of the USMLE sequence.
Because
Step 2CK is typically taken only after students have advanced through the third-year clinical clerkships, we hypothesized that, among students who initially failed Step l, a more recent matriculation year would be associated with a lower likelihood of attempting
Step 2CK. Because Step 2CK scores correlate with other standardized test scores, [7] [8] [9] we also hypothesized that, among those students who initially failed
Step l and attempted Step 2CK, lower
Step 1 failing scores would be associated with a lower likelihood of passing Step 2CK on the first attempt. We report here the results of a retrospective, national cohort study that tested these two hypotheses.
Method
Our study dataset included individualized, deidentified records for all matriculants in academic years 1993-1994 through 2000 -2001 to LCMEaccredited U.S. medical schools. Because medical school completion and attrition rates continue to accrue more than eight years after matriculation, 10 we selected 2000 as the last matriculation year of our study to allow sufficient time for students in our study sample to arrive at their final status (graduation or dismissal/withdrawal) as of March 2, 2009 , which was the last date of follow-up for all matriculants in the study sample. This lengthy follow-up period post matriculation may be particularly important for students experiencing academic difficulties (i.e., our cohort of examinees who failed Step l on the first attempt) because dismissal/ withdrawal for academic reasons continues for many years after matriculation. 10 Our dataset included information from the Student Record System (SRS) of the Association of American Medical Colleges (AAMC), responses to items on the AAMC Matriculating Student Questionnaire (MSQ), Medical College Admission Test (MCAT) scores, and, for Step 1 and Step 2CK, both first-attempt pass/fail results and three-digit scores. SRS variables included matriculation and last-status dates, sex (female versus male), and self-identified race/ethnicity, as selected by matriculants from the list of options on the American Medical College Application Service Questionnaire (categorized as Asian/ Pacific Islander; underrepresented minorities in medicine [URM], including black, Hispanic, and American Indian/ Alaska Native; or white). We included sex and race/ethnicity in our study because a previous study reported that these variables were associated with firstattempt Step We used chi-square tests to measure associations among categorical variables and analysis of variance to describe differences in continuous variables between groups. We report here adjusted odds ratios and 95% confidence intervals from two multivariate logistic regression models. The first model identified independent predictors of attempting
Step 2CK. In other words, we compared all students with Step 2CK scores, both passing and failing, with students who did not have Step 2CK scores (score N/A). The second model, which included only students who took Step 2CK, identified independent predictors of passing Step 2CK on the first attempt compared with failing on the first attempt. We used SPSS version 17.0.3 (SPSS, Inc., Chicago, Illinois, 2009) to perform all tests. We considered two-sided P values Ͻ.05 to be significant.
Results
Of the 129,867 students who matriculated to LCME-accredited U.S. medical schools in academic years 1993-1994 through 2000 -2001, 126,611 (97.5%) students took Step l, and 7,889 (6.2%) of these students initially failed. Of these 7,889 students, 1 subsequently died during medical school, 1 had his or her degree revoked, 61 were still enrolled in medical school as of March 2, 2009, and 1,232 did not have complete data for all the variables included in our regression models. Thus, our final sample of 6,594 students included 83.6% of the 7,889 students in our dataset who initially failed Step l. The mean (standard deviation [SD])
Step l score of 167.7 (10.4) for the 6,594 students included in our final study sample was higher than the mean (SD)
Step l score of 166.2 (11.8) for the 1,295 students who failed Step l but were not included in our final study sample (P Ͻ .001) (data not shown). Table 1 are descriptive statistics for all 6,594 students in our study sample, including the 5,985 (90.8%) students who had attempted
Included in
Step 2CK and the 609 (9.2%) students who had not attempted Step 2CK. We found significant differences between these two groups in sex, race/ethnicity, age at matriculation, composite MCAT score, and Step l score. Mean (SD)
Step l scores among all 6,594 students in our sample increased over time from 164.2 (10.5) for matriculants in 1993-1994 to 170.3 (9.7) for matriculants in 2000 -2001 (P Ͻ .001) (data not shown). Table 2 Table 3 shows the results of two multivariable logistic regression models that identified variables independently associated with each of attempting (versus not attempting) Step 2CK and of passing (versus failing)

1997
Step 2CK on the initial attempt. Among all 6,594 students in our study sample, women and Asian/ Pacific Islander students were significantly more likely to have attempted Step 2CK; students who had matriculated in more recent years and students who had Step l failing scores in the lowest and middle tertiles were significantly less likely to have attempted
Step 2CK. Among the 5,985 students in our study sample who had attempted
Step 2CK, women, students with higher MCAT scores, and students who had matriculated in more recent years were significantly more likely to have initially passed Step 2CK; students who were of Asian/Pacific Islander or URM race/ethnicity, were older, had Step l failing scores in the lowest and middle tertiles, and had attended private medical schools were significantly less likely to have initially passed Step 2CK. The Hosmer and Lemeshow test indicated that each of the two models fit the data (each P Ͼ .05).
Discussion
Our findings regarding educational outcomes for students with first-attempt
Step 1 failing scores should be considered in the context of previous studies of examinees ' Step 1 and Step 2CK performance, evolving medical school policies for advancement/graduation, and the implications of these failing scores for students who ultimately graduate from medical school and seek graduate medical education (GME) positions.
The finding that older students (Ͼ24 years) who initially failed Step 1 were less likely to initially pass Step 2CK in our national sample is aligned with a previous single-institution report, published in 2009, of a significant inverse relationship between age and Step 2 performance among all examinees regardless of Step l score. 11 The finding that students with higher MCAT scores were more likely to pass Step 2CK on the first attempt extends previous observations of significant positive correlations between MCAT scores and three-digit Step 2CK scores. 8, 9 In addition, our finding that students with failing Step l scores in the lowest and middle tertiles were less likely to pass Step 2CK on the first attempt both extends the results of another study that had reported a positive correlation between three-digit Step l and Step 2CK scores 7 and suggests that the lower students' first-attempt failing Step 1 scores are, rather than merely having a failing score, the more academic support those students may need to advance and pass Step 2CK on the first attempt.
The issue of support for students who initially fail Step l is likely to be of growing interest for faculty and administrators at U.S. medical schools because of increases in the first-attempt
Step 1 failure rate in the past four years, from 5% in 2007 3 to 8% in 2010, 12 as well as increases in the total number of Step l examinees in the past four years. 3, 12 The number of Step 1 examinees may be expected to grow further in coming years, reflecting rising enrollment at U.S. LCME-accredited medical schools. 13 Comprehensive medical school remediation and other academic support Table 3 Results Admission Test; URM, underrepresented minorities (i.e., minorities that are underrepresented in medicine relative to their proportion in the general population, including black, Hispanic, and American Indian/Alaska Native). † Adj. OR Ͼ1.00 indicates a higher likelihood, and Adj. OR Ͻ1.00 indicates a lower likelihood with increasing premedical debt. ‡ Adj. OR Ͼ1.00 indicates a higher likelihood, and Adj. OR Ͻ1.00 indicates a lower likelihood with a more recent matriculation year. § Adj. OR Ͼ1.00 indicates a higher likelihood, and Adj. OR Ͻ1.00 indicates a lower likelihood with increasing MCAT score. ¶ P Ͻ .05. ** P Յ .002.
Licensing Issues
programs for the increasing number of students who initially fail Step l, especially those students with very low failing scores who are at particularly high risk of failing Step 2CK, might minimize the likelihood of repeated licensure examination failures. 14 Although most U.S. medical school matriculants in the academic years from 1993 through 2000 were men and of white race/ethnicity, 15 most students in our study sample of students who initially failed Step 1 were women and of nonwhite race/ethnicity. On an annual basis, of all U.S. medical school matriculants, women constituted 42.0% (in 1993-1994) to 45.8% (in 2000 -2001) , and nonwhite students constituted 31.8% (in 1993-1994) to 33.9% (in 2000 -2001), 15 whereas women constituted 55.5% of students in our sample of matriculants who initially failed Step l, and nonwhite students constituted 62.9% of students in our sample of matriculants who initially failed Step l. The relative overrepresentation of women and nonwhite students in our sample of students is consistent with previously reported differences in first-attempt Step l passing rates on the basis of sex and race/ethnicity. 7 Among a national cohort of nearly 15,000 students enrolled in U.S. LCMEaccredited medical schools, 89.1% passed
Step l on the first attempt, including 91.1% of men and 85.9% of women. First-attempt Step l passing rates also differed by race/ethnicity; 93.4% of white, 86.8% of Asian, 77.5% of Hispanic, and 58.2% of African American students in this national cohort passed Step l on the first attempt. 7 Nevertheless, among students in our sample who initially failed Step l, women were more likely than men to take and to pass Step 2CK. In the national cohort study of U.S. medical students by Case and colleagues, 7 92.9% of women and 92.3% of men passed Step 2CK on the first attempt. Other investigators have reported that women performed better than men on clinical skills' assessments 16 -18 and also obtained higher numeric scores on Step 2CK. 19 Thus, among students who initially fail Step l and advance to the clinical years, women's performance in medical school might generally be expected to improve during the clinical years.
The finding that URM and Asian/Pacific Islander race/ethnicity were each independently associated with a lower likelihood of passing Step 2CK similarly extends a previous observation by Case and colleagues 7 that the percentages of Asian (87.6%), Hispanic (86.9%), and African American (71.5%) students who passed Step 2CK on the first attempt were lower than the percentage of white students (96.3%). Our observation that URM and Asian/Pacific Islander students were less likely to pass Step 2CK in a model that controlled for Step l scores, premedical debt, and MCAT scores should be of concern to U.S. medical schools in light of ongoing efforts to promote greater racial and ethnic diversity in the emerging physician workforce. 20 Further research is needed to identify other variables, amenable to intervention, that might disproportionately and negatively affect the subsequent Step 2CK success of nonwhite students who experience difficulties with Step l. 14 The finding that a more recent matriculation year and Step l scores in the lowest and middle tertiles were associated with a lower likelihood of taking Step 2CK might be explained by changes in school policies regarding advancement/graduation and increases in
Step l passing score cutoffs. Our results suggest that, as the number of schools mandating a passing score on Step l for advancement/graduation increases and as the minimum Step l passing score increases (from 176 in 1994 21 to 188 in 2010 22 ), more students who initially fail
Step l may not advance sufficiently to take Step 2CK but, rather, will be dismissed or will withdraw from medical school. Our observation that there was a small percentage of students in our study sample who never took Step 2CK but graduated is consistent both with the wide range in medical school policies regarding passage of Step l and Step 2CK to advance and with the continual evolution of these policies since the introduction of the USMLE sequence.
In the academic year 2009 -2010, 117 of 130 U.S. LCME-accredited medical schools required a passing Step l score, 11 schools required students only to take (but not pass) Step l, and 2 schools had no Step l requirements for advancement/ graduation; similarly, 98 of 130 schools required a passing Step 2CK score, 30 schools required students only to take (but not pass) Step 2CK, and 2 schools had no Step 2CK requirements for advancement/graduation. 6 It was beyond the scope of our study to examine whether there was a relationship between school policy regarding passing Step l for advancement/promotion and the likelihood of a student attempting, or passing, Step 2CK. However, such studies in the future could further inform the academic medicine community's understanding of the variables associated with educational outcomes among students at risk for experiencing difficulties with the USMLE sequence.
Our observation that a more recent matriculation year was associated with a greater likelihood of passing Step 2CK might seem counterintuitive, particularly since the minimum Step 2CK passing score cutoff, in 1994, of 167 21 has also been raised several times, most recently in 2010, to the current cutoff of 189. 22 However, our findings are consistent with the hypothesis that the poorestperforming students of those who failed
Step 1 become less likely to advance sufficiently to attempt Step 2CK, so the subset of Step l examinees who failed yet still took Step 2CK had obtained increasingly higher first-attempt Step l scores.
Students at private medical schools who initially failed Step 1 were neither more nor less likely to attempt Step 2CK than their counterparts at public medical schools, but they were less likely to pass
Step 2CK on their first attempt. We speculate that this observation might reflect school-specific differences in the extent and nature of interventions to support students who experienced difficulties with Step 1. 5 Medical schools have not uniformly provided remediation for students who failed Step l. According to the LCME Annual Medical School Questionnaire responses from the 124 to 125 medical schools in the United States that completed the questionnaire in academic years 1993-1994 through 2001-2002, only 60 to 68 schools annually reported they had remediation programs for students who failed Step l. 23 Robust support programs for at-risk students might be particularly well developed at public schools with a strong commitment to recruiting and graduating state residents. 8 Future research to identify model Step l remediation programs that best promote student success on subsequent Step l (and initial Step 2CK) attempts could inform the efforts of all medical schools to provide effective support for their students who experience particular difficulties with the USMLE sequence.
Finally, because most students in our study sample ultimately graduated, including those who failed both Step 1 and Step 2CK on the first attempt, the implications of first-attempt Step 1 failing scores for graduates should be considered. First-attempt failing Step l scores may adversely affect the efforts of graduating students to secure GME positions in programs accredited by the Accreditation Council for Graduate Medical Education (ACGME). Many program directors use Step l results to select applicants to interview and to place on their rank lists for GME positions; most of these program directors seldom or never consider applicants who failed
Step l or Step 2CK on the first attempt. 24 With increasing competition for positions in ACGME-accredited residency training programs, unmatched students who have experienced difficulties with the USMLE sequence during medical school also may face growing challenges in securing unfilled GME positions. 25 Thus, students who fail
Step l, even if they subsequently pass Step 2CK on the first attempt and graduate from medical school, remain at risk for experiencing difficulties in gaining entry into GME programs, particularly in their preferred specialties and programs. The risk for experiencing such difficulties is likely even greater for those students who also failed Step 2CK on the first attempt.
A strength of our study was that we included a national cohort of students who never took Step 2CK and/or did not graduate. Including these students provided a more complete picture of the educational outcomes for all students who failed Step 1 than have previous studies, which included only those students who also took Step 2CK 7 or graduated from medical school. 26 A limitation of our study was that we did not include information about schoolspecific requirements regarding passing scores on Step l for advancement/ graduation. When we conducted this study, the NBME had not limited the number of times that an examinee could attempt Step l. However, some schools that require a passing score on Step l for advancement/graduation may have had policies in place regarding the number of attempts allowed to pass Step l. For example, failure to pass Step l in three attempts is grounds for dismissal at some schools. 27, 28 Effective January 1, 2012, however, the USMLE program placed a six-attempt limit to pass each step or step component of the USMLE sequence for all examinees. 29 We also lacked information about school-specific differences in academic support programs that might have contributed to observed differences in passing Step 2CK on the first attempt. 5, 14, 23 Finally, as the mean Step l score of matriculants excluded from our final study sample was significantly lower than the mean
Step l score of matriculants included, outcomes among all U.S. medical school matriculants who fail Step l may be somewhat less favorable than the outcomes that we observed among matriculants in our study sample.
Despite these limitations, our results may inform medical schools' efforts both to better assess the risk of experiencing subsequent difficulties for the growing numbers of students who initially fail
Step l and to develop interventions tailored to meet the educational needs of these students to maximize the likelihood that they will take Step 2CK and pass it on the first attempt.
